Background The associations between TNF-α and Interleukin gene polymorphisms and polycystic ovary syndrome (PCOS) risk have been studied in numerous epidemiological studies, but the results remain controversial. To investigate whether these polymorphisms facilitate susceptibility to PCOS, we conducted a comprehensive systematic review and meta-analysis. Methods PubMed, Embase, Web of Science, Medline, CNKI, and Google Scholar were searched to obtain the genetic association studies according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Odds ratios (OR) with corresponding 95 % confidence intervals (CI) were used to assess the strengths of the associations. Funnel plots and Egger's tests were performed to test for possible publication bias. All statistical analyses were performed using Review No associations were found with the other genetic models. Conclusion The results of the meta-analysis suggest positive associations between the TNF-α -1031 T> C and IL-6 -174G>C polymorphisms and the risk of PCOS. No associations are found between PCOS risk and the TNF-α -308G>A, TNF-α -805C>T, IL-1A -889C>T, IL-1B -511C>T, IL-1B + 3953C>T, IL-10 -819C>T, IL-10 -1082 A>G, IL-18 -607C> A, and IL-18 -137G>C polymorphisms. However, due to the heterogeneity and low quality of the studies related to PCOS polymorphisms in the meta-analysis, the results should be interpreted with caution. Future multi-ethnicity studies of homogeneous populations of PCOS patients with larger sample sizes and well-matched controls are needed.
Introduction
Polycystic ovary syndrome (PCOS) is a common gynecological endocrine disorder that accounts for 70 % of all anovulatory infertility cases. It is associated with obesity, anovulation, hyperandrogenism, hirsutism, and infertility, which affect 6 % to 10 % of reproductive-age women worldwide [1, 2] . PCOS also increases the risk of some diseases such as type 2 diabetes and cardiovascular disease [3, 4] . Genetic, hormonal, and inflammatory factors may participate in the pathogenesis of PCOS. These include altered ovarian synthesis of steroids, hyperinsulinemia, aberrant folliculogenesis, abnormal secretion of gonadotropin, and neuroendocrine abnormalities [1] . Cytokines play an important role in regulating inflammation during these complex processes. Notably, some cytokine polymorphisms may affect the transcription and serum levels, thus changing inflammatory phenomena. Thus, association studies involving probable PCOS-associated cytokine gene polymorphisms and familial or sporadic cases have been performed. The results indicate that PCOS can be heritable, but the etiology and pathogenesis remain elusive.
Cytokines are cell-signaling protein molecules secreted by numerous cells and involved various intercellular communications including inflammatory responses. Low-grade chronic inflammation and imbalances between pro-and anti-inflammatory cytokines are thought to play a role in the pathogenesis of PCOS [5] . Pro-inflammatory cytokines such as tumor necrosis factor α (TNF-α), interleukin 1A (IL-1A), IL-1B, IL-6, and IL-18 are principal mediators of inflammation. Studies on reproductive biology have shown that these pro-inflammatory cytokines influence ovarian function and the processes of ovulation, fertilization, and implantation in women with PCOS. On the other hand, anti-inflammatory cytokines, such as IL-10 and IL-1 receptor antagonist (IL1RA), alter the state of inflammation in PCOS. These cytokine genes can be used as candidate genes to further understand the genetic effects of these cytokines, especially the risks for PCOS susceptibility and functional single nucleotide polymorphisms (SNPs). Therefore, a variety of molecular epidemiological studies have been focused on the association between TNF-α, IL-1A, IL-1B, IL-6, IL-10, or IL-18 polymorphisms and PCOS risk. However, the results from different studies have been inconsistent. To better clarify the association between these reported polymorphisms and the risk of PCOS, we conducted a systematic review and meta-analysis of the results of previously published studies.
Materials and methods
The meta-analysis was conducted according to the latest metaanalysis guidelines (PRISMA), including literature search, data collection, inclusion, etc. The PRISMA checklist was in supplemental Checklist_S1.
Literature search
We searched all the published papers in databases of PubMed, Embase, Web of Science, Medline, CNKI and Google Scholar. The key words were used as follows: 'polymorphism', 'Tumor Necrosis Factor','Tumor Necrosis Factor Alpha', 'TNF', 'TNF-α', 'interleukin', 'IL' and 'polycystic ovary syndrome' or 'PCOS'. Other relevant studies were identified by hand-searching the references of included articles. The search was limited to human studies. Two investigators (Wu and Yang) screened each of the titles, abstracts and full texts to determine inclusion independently. The results were compared and disagreements were resolved by consensus.
Inclusion and exclusion criteria
Studies included in our analysis met all the following criteria: (a) the studies evaluate the association between polymorphisms of TNF and interleukin and the risk of PCOS, (b) case-control studies with healthy populations as controls and specific diagnostic criteria for PCOS, the National Institute of Health (NIH) criteria or the Rotterdam criteria, and (c) genotype numbers in cases and controls available. Accordingly, the following exclusion criteria were also used: (a) no healthy control population, (b) genotype frequency unavailable, (c) non-conformity with the NIH criteria or the Rotterdam criteria for PCOS, and (d) duplication of previous publications.
Quality assessment for individual studies
The quality of the individual studies was evaluated and scored by two reviewers independently based on the NewcastleOttawa Scale (NOS) [6] . Each study was assessed based on three broad perspectives: selection, comparability and exposure, and each satisfactory answer received one point. The NOS ranges between zero (none of the quality criterion was met) up to nine stars (all the quality criteria were met), and the high-quality study was considered as the one with a score equal to or higher than seven. The third reviewer (Yang) examined the results, and a consensus was reached.
Data extraction
For each study, information was extracted including first author, published year, study population, country and genotype numbers in cases and controls. The process of data extraction was independently done by two investigators (Wu and Yu). An agreement was reached after discussion for conflicting data.
Statistical analysis
Associations between polymorphisms and risk of PCOS were calculated by odds ratio (OR) and 95 % confidence interval (95%CI). The data were analyzed under dominant (BB+AB versus AA) and recessive (BB versus AB + AA) genetic models, BB versus AA and B allele versus A allele (A represented major allele and B represented minor allele). Hardy-Weinberg equilibrium (HWE) was evaluated by chi-square test (χ2 test). If p value>0.05, the genotype distribution of control population conformed to HWE. The heterogeneity was calculated by I 2 and p. If p value<0.05, there was obvious heterogeneity of the data, the random effect model was used. Otherwise, we used the fixed effect model. The pooled ORs were performed on the dominant and recessive models, respectively. The significance of pooled ORs was tested by Z test (p<0.05 was considered significant). Publication bias was analyzed by Begg's funnel plot and Egger's test. All above statistical analysis were performed using Review Manager 5.2 and Stata 11.0.
Results

Search results
Searches of PubMed, Embase, Web of Science, Medline, CNKI, and Google Scholar revealed 128 potentially relevant articles. After careful reading the abstracts and titles, 26 potential articles were included . Eight publications were excluded for insufficient or uncorrelated data according to our inclusion criteria [9, 11, 10, 14, 13, 23, 24, 30] . Finally, 18 articles met the inclusion criteria and were selected [8, 7, 27, 12, 28, 18, 15, 17, 20, 19, 22, 21, 25, 26, 29, 31, 16] . The study selection process is shown in Fig. 1 .
Study characteristics
The analysis of TNF-α involved 3 polymorphisms: −308G> A (rs1800629), −805C > T (rs1799724), and -1031 T> C (rs1799964). For -308G>A, 582 PCOS cases and 563 controls from 4 articles [32, 31, 17, 27] were included. For -805C>T, 87 cases and 115 controls were analyzed from the study by Korhonen [29] . Finally, for the -1031 T>C polymorphism, 500 PCOS cases and 450 controls from 2 articles were included [28, 27] .
The analysis of the interleukin system involved the genes encoding IL-1A, IL-1B, IL-6, IL-10, and IL-18, which together contain 8 SNP sites. For IL-1A -889C>T (rs1800587), 310 cases and 279 controls from 2 studies [25, 20] were analyzed. For IL-1B -511C>T (rs16944), we looked at 482 cases and 421 controls from 4 studies [25, 8, 18, 16] . For the IL-1B +3953C>T polymorphism (rs1143634) in exon 5, 223 cases and 188 controls from 2 studies were included [18, 25] . For IL-6 -174G>C (rs1800795), 416 cases and 569 controls from 5 studies were analyzed [7, 17, 19, 21, 26] . For IL-10 -819C> T polymorphism (rs1800871) we looked at 91 cases and 75 controls from 1 article [22] , and we included 188 cases and 170 cases from 2 studies for the IL-10 -1082A>G polymorphism (rs1800896) [17, 22] . For the IL-18 -607C>A polymorphism (rs1946518), we analyzed 118 cases and 79 controls from 1 study [15] , and for IL-18 -137G>C (rs187238), we included 244 cases and 192 controls from 2 studies [12, 15] . The populations in the selected studies come mainly from Australia, China, Turkey, India, Finland, Austria, and Korea. The methods for detecting polymorphisms included PCR-SSCP, PCR-RFLP, AOS-PCR, and sequencing. The characteristics of the included studies are listed in Table 1 .
Quantitative synthesis
Three SNP sites in TNF-α were analyzed. To study the first (−308G>A), the data from 4 populations were combined. The results showed no evidence of association between this SNP and susceptibility to PCOS, suggesting that it is not a risk factor for PCOS. For the second polymorphism,-805C>T, 1 population was reanalyzed and no significant association with PCOS was found. For the last polymorphism, −1031 T>C, the data from 2 populations were combined and significant associations were found (Fig. 2) .
Our analysis of the IL-1 system involved the IL-1A -889C>T, IL-1B -511C>T, and IL-1B +3953 T>C polymorphisms. For IL-1A -889C>T, 2 populations were analyzed, and no significant associations were detected. The analysis of the IL-1B -511C>T polymorphism included 4 populations, and no significant associations were found. For IL-1B +3953 T>C, 2 populations were included, and no significant associations were found.
For the IL-6 -174G>C polymorphism, the data from 5 populations were combined and significant associations were found in the dominant model CC + GC vs. GG (OR=0.49, 95 % CI=0.25-0.95, p=0.03), model CC vs. GG (OR=0.48, 95 % CI=0.28-0.80, p=0.005), and model C vs. G (OR = 0.60, 95 % CI= 0.42-0.87, p = 0.007). However, in the recessive model, CC vs. GC + GG, no association was detected (OR = 0.63, 95 % CI = 0.38-1.04, p=0.07). A forest plot of the IL-16 -174G>C polymorphism is shown in Fig. 3 .
We analyzed 2 polymorphism sites in IL-10. In the first, IL-10 -819C>T, 1 population was reanalyzed, and no associations were found. For IL-10 -1082, the data for 2 populations were combined, and no associations were found with any of the polymorphisms.
Two polymorphisms in IL-18 were reanalyzed in the present study. For IL-18 -607C>A, 1 population was reanalyzed and no significant associations were found. For the IL-18 -137G>C polymorphism, the data from 2 populations were combined, and no significant associations were found for all genetic models.
In total, we identified significant associations between PCOS and the TNF-α -1031 T>C and IL-6 -174G>C polymorphisms. The main results of meta-analysis are shown in Figs. 2, 3 , and Table 2 . For IL-1A -889C>T, we combined the data for the Chinese and Indian populations and the Australian and Turkish populations. The corresponding pooled ORs of the genetic models were not materially altered. For the IL-6 -174G>C polymorphism, we combined the data from 4 Caucasian populations from Turkey and Austria, and the OR results were similar. For IL-1B -511C>T, the data for the populations of Asians from China and India were combined, and similar results were obtained. Unfortunately, subgroup analysis of other polymorphisms was not possible due to lack of published data.
Sensitivity analysis
Sensitivity analyses were conducted to determine whether modification of the inclusion criteria of the meta-analysis affected the final results. The included studies were limited to those conforming to HWE, detected method. In addition, we also performed sensitivity analysis by randomly removing 1 to 2 studies. Overall, the corresponding pooled ORs were not materially altered. In addition, random effects model were retested in all primal fixed models and corresponding pooled ORs were not materially altered. This suggested that our overall results of this meta-analysis were statistically robust.
Sensitivity analyses were conducted to determine whether modification of the inclusion criteria of the meta-analysis affected the final results. The included studies were limited to those conforming to the Hardy-Weinberg Equilibrium (HWE), detected method. In addition, we also performed sensitivity analysis by randomly excluding 1 to 2 studies. Overall, the corresponding pooled ORs were not materially altered. In addition, the random effects model was retested in all primal fixed models, and the corresponding pooled ORs were not materially altered. This suggested that the results of this meta-analysis are statistically robust.
Publication bias
Begg's funnel plot and Egger's regression test were performed to assess the potential publication bias of the overall analyses. These processes need at least 4 included articles. For TNF-α -308G>A, IL-1B -511C>T, and IL-6 -174G>C, no obvious asymmetry was observed according to a visual assessment of the funnel plot (Fig. 4) . Moreover, the results of Egger's regression test did not provide any statistical evidence for publication bias (p>0.05). Both the Begg's funnel plot and Egger's test showed that there was no obvious publication bias in overall analysis.
Discussion
PCOS is a heterogeneous endocrine disorder that is characterized by oligo-or anovulation, clinical and/or biochemical signs of hyperandrogenism, and polycystic ovaries. The etiology involves multiple genetic and epigenetic alterations that are still indistinct, but the imbalance between pro-and antiinflammatory cytokines and polymorphisms in cytokine genes may play roles in the etiology of PCOS [17] . Identification of crucial genetic markers such as inflammation-related genes could help clarify the pathogenesis of PCOS. Many genetic studies have been performed to investigate the associations between PCOS risk and TNF-α, IL-1, IL-6, IL-10, and IL-18 polymorphisms. However, inconclusive results have made it difficult to find functional SNPs and build a bigger picture of how these genes affect PCOS risk. The present study was performed to make the most of the available data by reanalyzing the associations between these gene polymorphisms and PCOS. At present, association studies involving inflammationrelated genes and PCOS have mainly focused on TNF-α -308G > A (rs1800629), TNF-α -805C > T (rs1799724), TNF-α -1031 T > C (rs1799964), IL-1A -889C > T (rs1800587), IL-1B -511C>T (rs16944), IL-1B +3953 T>C (rs1143634), IL-6 -174G>C (rs1800795), IL-10 -819C>T (rs1800871), IL-10-1082A>G (rs1800896), IL-18 -607C>A (rs1946518), and IL-18 -137G>C (rs187238). Our metaanalysis provides the most comprehensive analysis on the relationships between theses polymorphisms and PCOS. For the pro-inflammatory cytokines IL-1A, IL-1B, and IL-18 and the anti-inflammatory cytokine IL-10, we did not find any positive associations. This is consistent with previous reports. However, some clinical observations suggest that the levels of these cytokines are increased in women with PCOS. There are some reasons that could explain the inconsistencies between genetic association analyses and the clinical phenomena. First, the sample size of the present association study is likely insufficient for detecting all the associations between these SNPs and PCOS. Second, genetic and phenotypic heterogeneity makes complex diseases, such as PCOS, hard to analyze. In our meta-analysis, we were not able to measure the plasma cytokine concentrations of individuals with PCOS and other known or unknown polymorphisms linked with these reported loci. Finally, inflammatory cytokines are intermediate molecules involving physiological or pathology reaction indicated the elusive pathogenesis for PCOS.
In the present meta-analysis, we reviewed multiple inflammatory cytokine genes systematically for the first time. The results synthesize our current knowledge of these polymorphisms and PCOS. Notably, significant associations were detected in the IL-6 -174G>C polymorphism and the TNF-α -1031 T>C polymorphism for the first time. For the IL-6 -174G>C polymorphism, the C allele was a protective factor for PCOS risk. The protective effect on PCOS susceptibility was found in the dominant model. The models allele C versus G and CC versus CG further confirmed the associations. However, no association was found in the recessive models and we believe that this may be due to insufficient sample sizes. Most women with PCOS have insulin resistance, hyperinsulinemia, and elevated serum IL-6 levels. A recent meta-analysis suggested that the serum IL-6 levels of PCOS patients may be influenced by metformin, and early application of metformin therapy may relieve chronic lowgrade inflammation in women with PCOS [33] . Moreover, a similar positive association with the IL-6 -174 site was found for Alzheimer's disease and cancer, which are also recognized as inflammation-related diseases [34] . Consistent results between genetic studies and clinical observations suggest that strong associations exist between this IL-6 polymorphism and PCOS. The major G allele was a risk factor for PCOS susceptibility. In addition, a strong association was also identified with the TNF-α -1031 T>C polymorphism, while no associations were found with the -308G>A or -805C>T polymorphisms. These results suggest that the −1310 site may be a true functional site for PCOS susceptibility and may affect the plasma level of protein. For the TNF-α -1031 T>C polymorphism, the minor C increased the risk of PCOS in dominant models and allele comparison, while no associations were found in recessive and CC versus TT models. The results should be interpreted with caution because only two studies were used in the meta-analysis. We conducted a systematic review and found several significant associations between inflammatory cytokines and PCOS; however, some limitations should be acknowledged. First, the sample size in most of the included studies was small, and repeated studies for a single SNP were insufficient. This tends to increase the probability of false positives or false negatives. Second, the studies included in our meta-analysis were limited to published articles. We did not track any unpublished articles to obtain data for the analysis, and thus the data were incomplete. Third, PCOS is a multifactorial disease and potential gene-gene and gene-environment interactions should be considered. We did not carry out subgroup analysis based on other factors such as race, diet, smoking status, age, or sex due to the lack of sufficient data. Fourth, insufficient data regarding gene polymorphisms limited haplotype metaanalysis of PCOS risk. Lastly, the influence of bias in the present analysis could not be completely avoided since studies with positive results are generally easier to publish than those with negative results.
Notably, the controls of quite a few studies were not in HWE, and most of the included studies had a quality score of less than seven. These data need to be carefully evaluated, although the results of limited HWE or methods showed that the corresponding pooled ORs were not materially altered in the sensitivity analysis. In light of this, we suggest that several conditions be met in future studies: 1) homogeneous groups of PCOS patients and well-matched controls should be recruited; 2) patients should be diagnosed using the newest diagnostics guide; 3) the controls should be in HWE; 4) the results of fragment analysis should be verified by sequencing; 5) sample sizes should be large; 6) gene-gene and gene-environment interactions should be considered, and the related indices should be collected and analyzed, especially the associations between SNPs and levels of cytokines.
In conclusion, our present meta-analysis suggests positive associations between the TNF-α -1031 T>C rs1799964 and IL-6 -174G>C polymorphisms and the risk of PCOS. No associations were found with TNF-α -308G> A, TNF-α -805C>T, IL-1A -889C>T, IL-1B -511C>T, IL-1B +3953, IL-10 -819 C>T, IL-10 A>G, IL-18 -607C>A, or IL-18- 137G>C. However, due to the heterogeneity and poor quality of the studies included in the meta-analysis, the results should be interpreted with caution. Future studies should involve large sample sizes, multiple ethnicities, homogeneous populations of PCOS patients, and well-matched controls.
